Neuroscience-inspired approaches to train cognitive abilities are bringing about a paradigm shift in the way scientists view the treatment of memory dysfunction, but it can be challenging to prove whether such approaches have significant effects.
Episodic memory, the ability to remember a past event, is essential to the performance of numerous tasks, such as recalling the name of someone you have previously met, remembering the current date, or remembering to go to an appointment in the near future. Given the importance of memory and its sensitivity to the effects of age and neurological insult, it is not surprising that there is widespread demand for interventions to improve memory abilities.
Until recently, the most popular approach to memory improvement had been to simply train people in effective mnemonic strategies. There is a strong theoretical basis for this approach, and studies have generally found that strategy training can improve memory (Lustig et al., 2009; Rebok et al., 2007) . One limitation to strategy training, however, is that many effective mnemonic strategies are designed to work within a specific domain and do not always generalize to new situations. A second and more significant limitation is that even when people know appropriate strategies for optimizing learning they do not always use them. Spontaneous initiation of mnemonic strategies seems to depend on cognitive control, and therefore people with cognitive control deficits (e.g., older adults) might have knowledge about strategies but still fail to spontaneously use them (Brigham and Pressley, 1988) . Because of these well-known limitations of strategy training, researchers are now investigating whether it is instead possible to directly train the abilities thought to support memory.
Ability Training
There is general agreement that memory is supported by a set of abilities, any of which can be adversely affected by aging or neurological insult. Ability training approaches are based on the premise that performance of tasks that tax these cognitive abilities can lead to improvements in function (Klingberg, 2010; Lustig et al., 2009; Mahncke et al., 2006a) . Intuitively, an obvious target might be the ability to form and retrieve representations of episodes, which is thought to depend on the medial temporal lobes (MTL) (Eichenbaum et al., 2007) . However, it is generally believed that memory formation and retrieval constantly engage the MTL, even when one is not attempting to do so. Thus, it is not clear whether repeated performance of episodic encoding and retrieval tasks would further tax MTL function and result in general improvements in memory. Instead, research has largely focused on processes that contribute to effective memory encoding and retrieval.
For instance, one view is that memory impairments in aging and in many clinical disorders reflect a ''downstream'' consequence of primary sensory deficits. According to this view, the fidelity of sensory inputs degrades with age and may be affected by various neurological and psychiatric conditions. Peripheral sensory deficits, in turn, could lead to degraded encoding of events and possibly impaired episodic memory performance (Mahncke et al., 2006a) . Thus, if perceptual abilities can be improved through training tasks (e.g., phoneme discrimination with degraded stimuli), this could lead to improved memory encoding. Working from this premise, some companies have designed products aimed at improving perceptual abilities through cognitive training. For example, Posit Science (http:// www.positscience.com/) has developed an intervention program using computerized tasks that place increasing demands on perceptual processing (as well as other modules which emphasize more highlevel processing). This program is based in part on findings that, even in the adult brain, there is substantial plasticity in primary sensory regions (Mahncke et al., 2006a) .
A strength of perceptual training approaches is that they target a potential cause of memory problems in the real world whose impact may be underestimated in laboratory experiments. In laboratory or clinical settings, researchers typically try to ensure that stimuli to be learned are highly discriminable, but in the real world, the stimuli that we encounter are often embedded in noisy contexts (such as words spoken in a loud room, or a face that is seen under poor lighting conditions). That said, it is important to point out that perceptual degradation might not be a primary cause of memory impairments seen over the course of normal aging or in memory disorders (Murphy et al., 2000) .
Another approach to ability training is based on evidence showing that the prefrontal cortex (PFC) plays a critical role in successful episodic memory encoding and retrieval (see Ranganath and Blumenfeld, 2008, for review) . Recent work has demonstrated that prefrontal functioning can be improved through behavioral training. For instance, intensive working memory (WM) training has been shown to increase PFC activation during a WM task (Olesen et al., 2004) , and there is some evidence to suggest that such training procedures can lead to improvements on untrained tests of executive function, reasoning, and WM (Klingberg, 2010 , but see Owen et al., 2010) .
Regardless of the kind of training procedure that is adopted, it is reasonable to ask whether it is even possible to train an ability or cognitive process, as opposed to training performance on a specific task. Ability training is based on the premise of capitalizing on neural plasticity to improve function (Klingberg, 2010; Mahncke et al., 2006a) . Strictly speaking, plasticity operates at the level of synapses, not abilities. Repeated performance of a task could lead to strengthening of cell assemblies that represent task-relevant information. It is not clear, however, whether these cell assemblies would support performance outside of the context of the trained task.
We can envision at least two scenarios by which cognitive training can elicit results that transfer to real-world situations. First, generalization could occur if the training tasks closely approximate the real-world situation in question (e.g., training in phoneme discrimination to improve real-world speech perception). Second, training could result in generalized benefits if it increases the ability to engage a beneficial process that is not usually engaged. For instance, practicing tasks that place demands on cognitive control processes might make one more likely to proactively engage these processes rather than waiting until conflict is detected (Lustig and Flegal, 2008; Paxton et al., 2006) .
Does Ability Training Improve Episodic Memory?
Although numerous studies have investigated the effects of ability training on WM or cognitive control in healthy individuals, few have specifically investigated the effects of training on episodic memory. Generally, the existing literature indicates positive effects of training on the measures that were trained, but the extent of generalization to untrained measures of episodic memory varies considerably across studies.
The efficacy of the Posit Science program on improving memory performance in older adults was tested in an initial study that compared a training group (performing computerized tasks that emphasize auditory perception and also include modules that tax short-term and long-term memory) against an active control group (viewing DVDs on history, art, and literature), and a no-contact control group (Mahncke et al., 2006b) . Memory performance was assessed using a standardized battery (the RBANS), and the trained group showed significant improvements in tasks that used auditory stimuli (mean effect size = 0.25), whereas no significant improvement was seen for the control groups. In a second study (Smith et al., 2009 ), a larger scale multisite double-blind trial, a broader range of outcome measures was used and results again showed that performance on auditory verbal memory tests was improved following training (effect sizes ranging from 0.2-0.3). It should be noted, however, that in both studies, memory improvements were restricted to measures of auditory verbal memory, and episodic memory was not extensively assessed with stimuli in other modalities.
Executive function has also been targeted for ability training in older adults, typically using WM tasks thought to rely on PFC. In one such intervention, relative to a physical activity control condition, WM training was found to produce significant improvements in visual WM and to transfer to an untrained visual episodic memory task (Buschkuehl et al., 2008) . Another variant of executive function training is the ''recollection training'' procedure introduced by Jennings and Jacoby (2003) , in which participants repeatedly perform verbal recognition tests. The manipulation in this procedure is that some unstudied items are repeated during each test, so participants must discriminate studied items from highly familiar repeated lures. This procedure taxes executive function in the sense that participants are forced to suppress prepotent responses based on familiarity and instead make decisions based on the recollection of contextual information. Available evidence shows that healthy older adults exhibit reliable improvement on the trained task, although evidence for a generalized benefit to episodic memory is relatively weak (Jennings et al., 2005; Lustig and Flegal, 2008) .
The most prominent negative finding in studies of ability training was reported by Owen and colleagues (2010) . The training procedures in this study targeted multiple cognitive abilities in two experimental groups. The critical finding was that, although training was associated with reliable improvements on the training tasks, no evidence was seen for generalization to closely related measures, including a test of episodic memory. This null effect could not be attributed to low statistical power (see next section), because the training program was administered online to a sample of 11,430 adults. One counterargument is that the training procedures in this study did not adequately engage processes that would impact episodic memory-although one might expect at least some of these tasks (e.g., WM, attention) to have some effect. Another potential limitation of this study was that participants completed the tasks remotely via a web portal, and thus the amount of training completed by each participant was not directly controlled. Owen et al. (2010) discounted the number of training sessions as a critical variable, as it was not significantly correlated with the amount of improvement on the transfer tasks (despite the fact that training time correlated with improvement on the trained tasks). Still, it is possible that the duration of each session was too short to elicit meaningful effects, or alternatively, that generalization emerges in a nonlinear manner over the course of training.
Take It with a Grain of Salt As noted above, the evidence is mixed regarding the extent to which behavioral interventions can lead to generalized improvements in episodic memory in healthy adults. Complicating matters further, there are several factors that make it difficult to make strong conclusions about either the positive or negative findings.
For example, the efficacy of an intervention could be exaggerated if participants who dropped out of the training protocol were not included in the results. More generally, the efficacy of an intervention might be overestimated in the literature if researchers fail to publish studies that do not observe significant training effects (''the file drawer effect''). Another potential issue is the extent to which the generalized effects of an intervention might be mediated by ''placebo'' effects. For instance, participants who are receiving cognitive training might have more contact with research staff or perform tasks that are more likely to give the impression of belonging to an ''active'' intervention as compared with the control group. These factors could increase the expectation of benefit among participants in the active training group, which in turn might lead to improved cognitive performance (de la Fuente-Ferná ndez et al., 2002) .
In addition to reasons why effect sizes might be overestimated, there are also reasons why studies might fail to identify an effective cognitive intervention. The simplest reason is a lack of statistical power. In general, cognitive intervention studies are expensive and challenging to implement because participants must be trained over a sustained period of time. Because of the challenges in recruiting and retaining participants across the duration of the study, it is difficult to run a well-controlled cognitive intervention study with adequate statistical power.
A second issue to consider is the role of moderating variables. For instance, just as dosage and treatment duration are important moderating variables in studies of pharmacological interventions, the length and number of training sessions could moderate the efficacy of behavioral interventions. Another relevant variable is the participant's initial level of functioning or degree of cognitive deficit. For example, high-functioning individuals who have a greater capacity for plasticity might show greater training gains than lower-functioning individuals. Alternatively, lowerfunctioning individuals could benefit more because they have more room for improvement, whereas high-functioning individuals are already performing optimally. Consistent with the first hypothesis, Bissig and Lustig (2007) found that elderly individuals who spontaneously used elaborative memory encoding strategies (possibly indicative of higher cognitive function) showed the largest effects of a memory training intervention.
A third issue to consider is mundane, but important: the outcome measures of memory performance. Often, researchers choose outcome measures that strike a compromise between reliability, ease of administration, and predictive validity. For instance, clinical tests, such as the RBANS, are designed to be fast and reliable, but they are not necessarily sensitive to specific memory processes. Such measures might underestimate the efficacy of an intervention that specifically targets particular aspects of memory (e.g., recollection, prospective memory, etc.). Fortunately, researchers are currently adapting paradigms from basic cognitive neuroscience research that have high construct validity so that they can be easily administered in clinical trials (Carter and Barch, 2007) .
Unresolved Questions
In general, there are several important questions that need to be addressed in future studies of ability training. One question is whether behavioral interventions should be geared toward remediation of cognitive deficits or toward compensation by focusing on abilities that are relatively spared. A related, and equally important, question is whether to adopt a ''one size fits all'' approach to ability training or whether the choice of a particular intervention should be tailored to specific situations. We suspect that the optimal intervention might depend on the subject population that is to be targeted. Sensory ability training might be optimal for disorders such as dyslexia in which sensory dysfunction may be a critical limitation to normal learning and memory. Training approaches that target cognitive control, on the other hand, might be better suited for addressing ''normal'' age-associated memory decline and in patients with memory impairments associated with schizophrenia and depression.
Another issue that merits further thought is how to assess the outcome of a memory intervention. The benchmarks for a successful outcome might depend on the type of problem that is being addressed. For instance, a large proportion of elderly individuals may be expected to show declines in memory performance over time due to the progression of dementing disorders or due to cerebrovascular disease. In these populations, it may be more realistic to ask whether cognitive training can forestall cognitive decline, rather than whether memory can be improved (Lustig et al., 2009) . One could also gauge the success of a memory intervention in terms of the minimum ''dosage'' required to obtain an effect and in terms of the duration of the beneficial effects of training. It might be unreasonable, however, to expect that any cognitive intervention will have long-lasting effects with a minimal time investment. For instance, there is considerable evidence that aerobic exercise has beneficial effects on brain function and cognition, but it would be unreasonable to expect benefits of a brief exercise program to last after several years of sedentary living. Following the analogy between training of cognitive and physical abilities, the beneficial effects of cognitive ability training might depend on continued engagement of that ability.
Recommendations for Future Studies
Although there are important questions about whether behavioral interventions can improve memory performance, we believe that the evidence is sufficiently promising to merit future research. Based on the methods used in studies that reported positive effects and based on general principles from memory research, we recommend the following guidelines for research on and development of effective memory interventions:
(1) Use multiple training tasks to avoid overspecialization. It is not difficult to show that people can get better at a single memory task with extensive practice, but it is more challenging to find training effects that will generalize to novel contexts. Training on only a single task might lead to the development of strategies that exploit knowledge of the specific types of stimuli, response modalities, or rules of the task. By using multiple tasks that tap the same process but have different rules, stimuli, and response modalities, researchers can increase the likelihood that training will facilitate the development of abilities that are common to all of the tasks. (2) Start training at a relatively low level and increment difficulty as performance improves. This adaptive difficulty approach is likely to reduce participant frustration or boredom (and hence attrition). (3) Consider the effects of individual differences. There is substantial intersubject variability in the effects of cognitive training, perhaps due to differences in abilities, motivation, or both. This variability can mask the effects of an effective intervention. Potential solutions are to vary the duration of training (i.e., number and/or length of sessions) so that all participants reach a criterion level of performance, or, if training duration is fixed, to factor individual differences in trainingrelated improvement when assessing outcome. (4) Use multiple benchmark measures (combined with functional/structural neuroimaging, if possible) to determine whether training effects generalize to nontrained memory tasks. (5) Assess the role of nonspecific factors. Ideally, studies should include a placebo control group that receives the same amount of interaction with experimenters and expectation of benefit but lacks the critical factor thought to mediate improvement. At a minimum, studies should include a no-treatment group to control for practice effects on the outcome measures. Nonspecific factors can also be assessed by including benchmark measures of processes for which no training effect is expected.
Concluding Thoughts
Scientists have made significant breakthroughs in clarifying the cognitive processes that influence episodic memory.
It is exciting to think that these developments in basic science may be translated to have a tangible impact on memory abilities. Although many challenges need to be dealt with in order to achieve this goal, the potential impact of this work clearly makes the effort worthwhile.
